The present study addressed an outstanding issue regarding feature binding in working memory (WM): whether this function engages specific resources relative to those required to process individual features. We investigated the brain regions supporting the encoding and maintenance of features and bindings in a change detection task, in which 22 healthy young volunteers remembered visual arrays of abstract shapes, colors or shape-color bindings while undergoing fMRI. After an unfilled delay they saw a second array and judged whether the features or combination of features presented across the two arrays were the same or different. Temporary retention of feature bindings was found to involve additional cortical regions compared with retaining single features, regardless of whether the number of objects or the number of features differed between feature-only and binding conditions. This binding-specific activation is consistent with the involvement of different neural generators that collectively support visual temporary memory for features and for feature bindings. Regions within the parietal, temporal and occipital cortex, but not within the prefrontal cortex or the medial temporal lobe, appear to support the integrated object binding function investigated in this study. Our findings suggest that both individual features and their binding within integrated objects are used to represent complex objects in WM.
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Introduction
Many daily tasks require us to hold visual information temporarily in mind, preserving combinations of features such as colored shapes. Two central questions regarding these functions of visual working memory (VWM) 1 concern the limits on its capacity to process and store multi-feature objects, and the cognitive resources required to process and store them relative to singlefeature objects. Neuroimaging studies have mainly focused on the former question (Shafritz, Gore, & Marois, 2002; Todd & Marois, 2004 , 2005 Xu, 2007; Xu & Chun, 2006) and behavioral studies on the latter (Allen, Baddeley, & Hitch, 2006; Allen, Hitch, & Baddeley, 2009; Allen, Hitch, Mate, & Baddeley, 2012; Brockmole & Logie, 2013; Karlsen, Allen, Baddeley, & Hitch, 2010; Luck & Vogel, 1997; Vogel, Woodman, & Luck, 2001 ). The present fMRI study focused on the second question, investigating whether holding features bound within integrated objects in VWM (i.e., shape and color) engages additional neural resources compared to the maintenance of single features. Feature binding in VWM has been commonly investigated using change detection tasks which assess memory by comparing the content of an initial array of items with a second array presented after a short retention interval (Allen et al., 2006 (Allen et al., , 2009 (Allen et al., , 2012 Alvarez & Cavanagh, 2004; Baddeley, Allen, & Hitch, 2011; Gajewski & Brockmole, 2006; Logie, Brockmole, & Vandenbroucke, 2009; Olson & Jiang, 2002; Wheeler & Treisman, 2002; Xu, 2002) . Contrasting memory for arrays of single visual features (e.g. a set of shapes) with memory for arrays of the same number of objects comprising multiple features (e.g. a set of colored shapes) has enabled the investigation of whether binding features within integrated objects in VWM requires dedicated resources. Some studies have reported no differences in memory E-mail address: mprodri1@staffmail.ed.ac.uk (M.A. Parra). 1 In the literature on visual attention, visual perception, and feature binding, the terms 'visual short-term memory' and 'visual working memory' tend to be used interchangeably. We view visual short-term memory as comprising a temporary store that is one of a range of functions of visual working memory, which in turn is a set of functions within a broader, multi-component working memory, and we use the terms in this way throughout the manuscript. This issue is outside the scope of the present paper and the adopted term 'visual working memory' (VWM) is intended to be theoretically neutral here with respect to models of working memory. See Logie (2011) and Logie and Niven (2012) for reviews and detailed discussion.
